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Introduction
In 1988, Tolmie et al1 described two female siblings demon-
strating the association of a bilateral exudative retinopathy,
Coats disease, with intracranial calciﬁcation. These sisters
also had sparse hair, dystrophic nails, and slow prenatal and
postnatal growth. Subsequent follow-up detailed the devel-
opment of ataxia, dystonia, skeletal abnormalities including
osteopenia with resulting fractures, gastrointestinal vascular
abnormalities, and liver disease.2,3 The disorder was desig-
nated as CP syndrome.
In 1996, Labrune et al4 reported three children with a
progressive mixed neurological disorder associated with
leukoencephalopathy, intracranial calciﬁcations, and enlarg-
ing brain cysts (LCC). No eye, bone, or gut abnormalities were
described. Subsequently, similar individuals with retinal
telangiectasias, brain calciﬁcation, and cysts were reported
byNagae-Poetscher et al5 and Linnankivi et al,6 andwhowere
thought to represent an overlap between CP and LCC. These
observations led to the hypothesis that the two disorders
were part of the same spectrum termed cerebroretinal micro-
angiopathy with calciﬁcations and cysts (CRMCC).3,6 The
presence of affected siblings indicated that CRMCC was
probably an autosomal recessive disorder, although the mo-
lecular basis of the phenotype was unknown.
We recently showed that mutations in CTC1, encoding
conserved telomere maintenance component 1, cause Coats
plus, amultisystem disorder themost characteristic features
of which are as follows: retinal telangiectasia and exudates
(Coats disease), intracranial calciﬁcation with an associated
leukoencephalopathy and brain cysts, osteopenia with a
tendency to fractures and poor bone healing, and a high
risk of life-limiting gastrointestinal bleeding and portal
hypertension caused by the development of vascular ecta-
sias in the stomach, small intestine, and liver.7 Mutations in
CTC1 were not identiﬁed in any patient with a purely
neurological disorder, indicating that LCC and CP are distinct
entities. Polvi et al8 also reported CTC1 mutations in 11
patients with what they describe as CRMCC. All of the
patients had extraneurological features. In 10 patients there
was retinal involvement, and in the remaining patient
osteopenia and fractures. Again, they concluded that CTC1
mutationswere not responsible for the LCC phenotype. Here,
we have reviewed the clinical and radiological features of 15
patients with LCC.
Patients and Methods
The medical records of patients with available neuroradio-
logical data were reviewed. The inclusion criteria for the
study were as follows: (1) Imaging demonstrating (a) leuko-
encephalopathy; (b) characteristic intracranial calciﬁcation
as described previously2,3,6,9; (c) intraparenchymal brain
cysts. (2) Absence of (typical) extraneurological clinical fea-
tures of CP syndrome, speciﬁcally: eye, bone, gastrointestinal,
hepatic, and skin pathology. (3) Absence ofmutations in CTC1.
Computed tomographic (CT) and magnetic resonance (MR)
imageswere reviewed by the authors and their features scored
using a scoring system devised for the study of intracranial
calciﬁcation.9 CT and MR data were scored separately.
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Abstract Objective With the identiﬁcation of mutations in the conserved telomere mainte-
nance component 1 (CTC1) gene as the cause of Coats plus (CP) disease, it has become
evident that leukoencephalopathy with calciﬁcations and cysts (LCC) is a distinct genetic
entity.
Patients and Methods A total of 15 patients with LCC were identiﬁed from our
database of patients with intracranial calciﬁcation. The clinical and radiological features
are described.
Results The median age (range) at presentation was 10 months (range, 2 days–54
years). Of the 15 patients, 9 presented with epileptic seizures, 5 with motor abnormali-
ties, and 1 with developmental delay. Motor abnormalities developed in 14 patients and
cognitive problems in 13 patients. Dense calciﬁcation occurred in the basal ganglia,
thalami, dentate nucleus, brain stem, deep gyri, deep white matter, and in a pericystic
distribution. Diffuse leukoencephalopathy was present in all patients, and it was usually
symmetrical involving periventricular, deep, and sometimes subcortical, regions. Cysts
developed in the basal ganglia, thalamus, deep white matter, cerebellum, or brain stem.
In unaffected areas, normal myelination was present. No patient demonstrated cerebral
atrophy.
Conclusion LCC shares the neuroradiological features of CP. However, LCC is a purely
neurological disorder distinguished genetically by the absence of mutations in CTC1.
The molecular cause(s) of LCC has (have) not yet been determined.
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Results
Clinical Features
A total of 15 patients from 12 families, including 3 sibling
pairs were identiﬁed. A history of consanguinity was present
in only one patient (patient 12) whose parents were second
cousins (►Table 1).
Birth History and Presenting Features
Four patients had intrauterine growth retardation. One pa-
tient was noted to be microcephalic at birth, but had an
appropriate birth weight. The median (range) age at presen-
tation was 18 months (range, 2 days–54 years). The most
common presenting features were focal or generalized epi-
leptic seizures or a motor disorder including; tremor, hemi-
paresis, gait abnormality, head tilt, and motor delay. One
patient presented with global developmental delay.
Neurological Symptoms
All but one patient has developed a mixed neurological picture.
Asymmetrical pyramidal signs, seizures, dysarthria, ataxia, and
dystonia were commonly described. Cognitive impairment was
common and was severe in four patients. Slow cognitive deteri-
oration following normal neurodevelopment was noted in ﬁve
patients, starting from the ages of 1 to 9 years. Nine patients
underwent surgical intervention for drainage of brain cysts.
Ommaya reservoirs were inserted at the age of 14 months in
patient 5, and at the age of 10 years in patient 12. Hydrocephalus
was treatedwith aventriculoperitoneal shunt inpatient 8. At the
time of writing, two patients have died. Patient 11, the oldest
patient in this series, diedat the ageof 59years following gradual
neurological deterioration over several months. Patient 12 died
at the age of 15 years after several neurosurgical procedures for
recurrent cyst development.
The clinical coursewithin sibships is very similar even though
different complicationsmay occur at different ages, for example,
patient 5 developed an acute hemiparesis at the age of 5 years,
whereas her older sister had only a mild hemiparesis.
Radiological Features
Nopatientdemonstratedcerebralorcerebellaratrophy(►Table 2).
Table 2 Radiological features of 15 patients with LCC
summarizing both CT and MR ﬁndings
Leukoencephalopathy
Symmetrical 13
Periventricular 15
Deep 15
Subcorticala 10
Cerebellar 7
PLIC 8
Contrast enhancement 9/10
Swelling of brain stem 5
Calciﬁcation
Basal ganglia 15
Thalami 15
Dentate 5
Cerebellar white matter or cortex 5
Brain stem 7
Cortical 11
Cerebral white matter 10
Pericystic 8
Cystsb
More than 5 6
2–5 3
Single 4
Location of cysts
Basal ganglia/thalami 5
Hemispheric white matter 11
Brain stem 4
Cerebellum 2
Abbreviations: CT, computed tomography; LCC, leukoencephalopathy
with calciﬁcations and cysts; MR, magnetic resonance; PLIC, posterior
limb of internal capsule.
aIn 8/10, subcortical involvement was patchy.
bTwo patients did not have cysts but had affected siblings with typical
appearances.
Table 1 Clinical features of patients
Neonatal history
Preterm 3
IUGR 4
Microcephaly 1
Median (range) age at
presentation (mo)
18 (0.5–648)
Affected sibling 3
Presenting feature
Epileptic seizures 9
Motor disorder 4
Developmental delay 2
Median (range) age at most
recent follow-up (y)a
12 (5–59)
Clinical features
Epilepsy 9
Cognitive impairment 13 (severe in 4)
Motor disorder 14
Hemiparesis 5
Dystonia 5
Neurosurgical treatmentb 9
Neuropathological study 4
Abbreviation: IUGR, intrauterine growth restriction.
aTwo patients died at the age of 15 and 59 years, respectively.
bDrainage of cyst in six, ventriculoperitoneal in one, or cystoperitoneal
shunt in one.
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Magnetic Resonance Features
The leukoencephalopathy was apparent as conﬂuent high
signal on T2-weighted and ﬂuid-attenuated inversion recov-
ery images involving the periventricular and deep hemi-
spheric white matter, often, but not always, sparing the
subcortical white matter (►Fig. 1A, B, E–G). This was sym-
metrical in all but two patients. In one patient, there was a
marked posterior-to-anterior gradient with relative sparing
of the frontal lobes (►Fig. 1A). Eight patients had involvement
of cerebellar white matter.
Serial MR imaging was available in nine patients. Patients
14 and 15 (siblings) both had normal neonatal MR images. By
the age of 18 months in patient 15, and 8 years in patient 14,
widespread leukoencephalopathy and calciﬁcation were ap-
parent. Patient 8 had a normal MR at the age of 2 months but
had developed the full triad of appearances (leukoencephal-
opathy, calciﬁcation, and cysts) by the age of 2.5 years. The
earliest age by which the full triad of features was seen was
10 months (patient 13).
The leukoencephalopathy was initially progressive in all
patients with serial scans. However, in three of six patients
with more than two MR scans, the leukoencephalopathy has
apparently remained stable over many years.
Computed Tomographic Features
On CT, the calciﬁcation was marked and, in the seven patients
with serial scans, usually progressive. The earliest CTwas at the
age of 2 weeks demonstrating subtle white matter and basal
ganglia calciﬁcation. Blush-like calciﬁcation of the basal ganglia,
thalami, and deep white matter (►Fig. 2G) was present in two
further patients scanned at 2 and 6 months, respectively. All
patients eventually demonstrated dense rock-like calciﬁcation
involving the deep graymatter. Usually, this involved the globus
pallidus, putamen, caudate, and thalamus (►Fig. 2D, H). Dentate
Fig. 1 Magnetic resonance features of leukoencephalopathy with calciﬁcations and cysts A–G, K, and L are T2-axial images; H is a susceptibility-
weighted image (SWI); I and J are T1-axial images precontrast (I) and postcontrast (J) enhancement. (A) Patient 4 aged 14 years and (B) patient 6
aged 18 years demonstrating conﬂuent high signal in deep white matter with subcortical sparing and multiple small cysts within abnormal white
matter. Note the posterior predominance in A. Bilateral thalamic cyst development is illustrated in patient 13 at (C) 10 months and (D) 3 years.
There is also involvement of the posterior limb of the internal capsule even in the early scan. (E) The typical leukoencephalopathy with large space-
occupying cysts within the centrum semiovale is demonstrated in patient 10 aged 26 years. (F) Rock-like basal ganglia and thalamic calciﬁcation
has mixed signal characteristics with areas of abnormal low signal and abnormal high signal in this patient aged 14 years. Calciﬁcation may not
always be apparent onT2 images as shown in G. Compare this with the SWI from the same study (H) demonstrating several low-signal areas within
the hemispheric white matter representing calciﬁcation. Gadolinium contrast enhancement occurs within the calciﬁed areas as demonstrated in
these precontrast (I) and postcontrast (J) T1 image from patient 5 aged 19 months. Two examples of swelling and high signal of the pons are
shown, (K) patient 13 aged 3 years and (L) patient 8 aged 2 years.
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nucleus calciﬁcation (►Fig. 2A, B) and brain stem calciﬁcation
(►Fig. 2A) was present in seven patients. Cortical calciﬁcation
was also characteristic.Most commonly, calciﬁcationwasseen in
the depths of the cortical gyri, and sometimes ran as a continu-
ous serpiginous line of calciﬁcation following the white–gray
junction (►Fig. 2D, F, H). Some patients had dense gyriform
calciﬁcation involving the superﬁcial and deep cortex.
Although the calciﬁcation predominantly involves gray mat-
ter, spot or blush-like calciﬁcation was seen in the deep frontal,
parietal, or temporal white matter (►Fig. 2E, F). Calciﬁcation
was also seen around cysts, or in the cyst wall (►Fig. 2C).
Although CTscanning is more sensitive for the detection of
calciﬁcation than MR, calciﬁcation was apparent on MR
imaging in all patients.
Cysts were present in 13 patients. We have included two
patients who do not have cysts at the time of writing. Both of
these patients had affected siblings who demonstrated the full
radiological phenotype. Cysts could be single, ormultiple, with
six patients having more than ﬁve cysts. Cysts developed in
many different locations, including: cerebellar white matter,
brain stem, basal ganglia and thalami, deep hemispheric white
matter, and intraventricular (►Figs. 1D, E, I and 2A–D, H). In
several patients, cysts appeared to develop from the dorsal
thalamic region. In four patients with serial scans, cysts were
not present on the ﬁrst images but developed later.
Contrast enhancement was seen in 9 of the 10 patients to
whom it was given (►Fig. 1I, J). Enhancement was typically
seen around the cysts or in the basal ganglia in areas of dense
calciﬁcation. A further feature, seen in ﬁve patients, was
diffuse swelling and high signal on T2 sequences in the brain
stem, especially the pons (►Fig. 1K, L).
Pathology
In four patients, biopsy material was available. Patient 3
demonstrated gliotic white matter, ectatic, sinusoidal vessels
with thin walls surrounded by hyaline tissue with hemosid-
erin and calciﬁcation. Cerebral tissue from patient 10 dem-
onstrated gliosis with ﬂecks of calciﬁcation within the
affected white matter. Patient 12 had drainage of a cyst and
biopsy. This demonstrated cystic spaces of various size and
abnormal white matter with reactive gliosis and almost
complete demyelination. Patient 13 had a cyst wall biopsy
which demonstrated gliosis and calciﬁcations, Rosenthal
ﬁbers, and the presence of hyaline deposits within blood
vessel walls.
Discussion
Despite the remarkable similarity of the neuroradiological
phenotype, we have recently demonstrated that the patients
described here are genetically distinct from patients with
Coats plus. We therefore propose to refer to the phenotype as
LCC, and differentiate this phenotype from CP on the basis of
an absence of mutations in CTC1 and the extraneurological
features seen in the latter disorder.7 In the absence of an
identiﬁed molecular cause, the current diagnostic criteria for
LCC should include all three radiological features, namely,
leukoencephalopathy, calciﬁcation, and cysts. However, we
note that in this series, six patients had early scans that did
not show cysts. We are also aware of other patients with
leukoencephalopathy and calciﬁcation (but no cysts), whose
scans are apparently otherwise identicalwith LCC patients. At
present, it is not known whether cyst development is a
universal feature of this disorder.
The genetic basis of LCC remains unclear at this time,
although the presence of three (female) sibling pairs in our
cohort suggests that LCC is inherited as an autosomal reces-
sive trait in at least some families. Of note, our ongoing
genetic studies indicate that the condition may be genetically
Fig. 2 Computed tomographic (CT) features of leukoencephalopathy
with calciﬁcations and cysts. Rock-like calciﬁcation of the basal ganglia
and thalami (D, H) and the dentate nucleus (A, B) is characteristic. In
addition, there is usually deep cortical calciﬁcation which is often
continuous (D, F, H). (E, F) Calciﬁcation may also occur in the deep
white matter and (C) around the cysts. Serial scans performed at (G)
2 months and (H) 5 years demonstrate progression of calciﬁcation. At
2 months, there is only a blush of calciﬁcation in the basal ganglia
whereas the full radiological spectrum is apparent by 5 years. The cysts
and abnormal low-attenuation white matter are also readily apparent
on CT images.
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heterogeneous, a suggestion which might explain the very
wide age range seen in our series. Moreover, as for Coats plus,
we note a paucity of affected individuals born to consanguin-
eous parents, perhaps suggesting that the combination of a
“severe” and “mild”mutation is required to generate the LCC
phenotype.
Of the 15 patients, 13 patients presented were younger
than 10 years, and 12 of these younger than 5 yearswhen they
ﬁrst developed symptoms and signs of disease. One patient
presented as an adult at the age of 54 years.We have included
him here because his radiological features were indistin-
guishable from those of our other cases.
The clinical picture seen in our cohort is consistent with
that reported in other published cases10–21 (►Table 3). We
consider that there are 20 patients described in the litera-
ture with a phenotype deﬁnitely consistent with LCC, while
in several other articles we believe that the clinical and
neuroradiological diagnosis of LCC is less certain. Of these
20 cases, 10 presented as adults. These adult patients are
radiologically indistinguishable from patients identiﬁed in
the pediatric setting, although they were more likely to
present with features of raised intracranial pressure due to
cyst development, with or without hydrocephalus. In con-
trast, younger patients most typically have been described
to present with other neurological features, even if they
later developed pressure-related symptoms associated
with cyst development.
Some adult presenting cases11,17 apparently demonstrat-
ed nonprogressive neurological features in childhood, before
experiencing symptoms of raised intracranial pressure in
adulthood. This is in contrast to ﬁve of our patients who
developed a progressive disorder in childhood. The youngest
case of cyst development in our series occurred at the age of
19months (patient 5). Furthermore, four patients (patients 4,
8, 13, and 15) had scans at the age of 8 years, 2, 10, and
18 months, respectively, with no cysts, before developing
cysts at the age of 12 years, 32, 31, and 62 months, respec-
tively. It is not clear on clinical or radiological criteriawhether
adult presenting cases constitute a distinct subgroup of LCC.
The leukoencephalopathy seen in LCC is usually, but not
always, symmetrical, may have a posterior-to-anterior gradi-
ent, involves periventricular and deep white matter, and
often, but not always, subcortical white matter. The cerebral
hemispheres are primarily involved, but cerebellar white
matter is also affected in many (8/13). A notable feature of
the LCC (and Coats plus) neuroradiological phenotype is a lack
of brain atrophy, and the presence of normal myelination in
nonaffected areas, in all cases. This perhaps argues against a
primary disorder of white matter.
The pattern of intracranial calciﬁcation seen in LCC is
characteristic, but not on its own pathognomonic. Calciﬁca-
tion predominantly involves the gray matter—both deep
nuclei and cortical. Rock-like aggregates in the basal ganglia
and thalami were present in all patients. Similar intracranial
calciﬁcation was seen in the dentate nucleus. This pattern is
not speciﬁc, being identical to what is often reported in Fahr
disease. Cortical calciﬁcation, especially involving the depths
of the gyri, is also typical, being seen in nine of our patients.
Again, this is a feature that has been consistently reported in
patients with Fahr disease. In contrast, brain stem calciﬁcation
is an infrequently reported feature of the latter condition.
Although gray matter calciﬁcation is predominant, spot calci-
ﬁcation in the deep white matter also occurs in LCC, and
calciﬁcation in cyst walls is common.
Cyst development is the third deﬁning feature of LCC.
Radiologically, the cysts are space occupying, and often
enlarging, with a ballooned appearance in distinction from
nonspace occupying “holes” that may be seen in several other
disorders (including other, distinct, conditions demonstrat-
ing the combination of intracranial calciﬁcation, and leu-
koencephalopathy, e.g., Aicardi–Goutières syndrome).9 Cysts
can occur inmany locations including thebrain stem, but they
were frequently seen to arise from the posterior thalamus
expanding into the lateral ventricles.
There are many disorders where calciﬁcation and leu-
koencephalopathy occur together (►Table 4). Most of these
can be easily distinguished from LCC on clinical and radiolog-
ical grounds. Notably, the normal myelination and lack of
cerebral atrophy in LCC enables many of these disorders to be
excluded.
Pathological data are available from several patients with
LCC, which has allowed for analysis of brain and cystic
material (►Table 3). These data are remarkably consistent.
Thus, in the white matter, gliosis, variable degrees of demye-
lination, and prominent Rosenthal ﬁber formation, oftenwith
Table 4 Causes of leukoencephalopathy and calciﬁcation
LCC
Coats plus
Aicardi–Goutières syndrome
Congenital CMV and other congenital infections
RNASET2 mutation (cystic leukoencephalopathy without
megalencephaly)
COL4A1 mutation related disease
Cockayne syndrome
X-linked adrenoleukodystrophy
Krabbe leukodystrophy
Alexander disease
Mitochondrial disease (various)
Cerebrovascular diseases, e.g., Vein of Galen malformation
Vasculitides, e.g., SLE
Hereditary diffuse leukoencephalopathy with spheroids
Nasu–Hakola disease
Cerebrotendinous xanthomatosis
Posthypoxic ischemic injury
Acquired CNS infection
Postradiotherapy
Abbreviations: CMV, cytomegalovirus; CNS, central nervous system;
LCC, leukoencephalopathy with calciﬁcations and cysts; SLE, systemic
lupus erythematosus.
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microcalciﬁcations around small vessels, have been consis-
tently described.4,5,11,14,17–19,21 Small blood vessels are com-
monly reported as “angiomatous,” thick walled, with
microcalciﬁcations and microhemorrhages.4,11,14,17,18,21 It
is these consistent pathological ﬁndings that have led to
the designation of LCC as a “microangiopathy.” To our knowl-
edge, there is no difference in the brain pathology seen in
patients with LCC and those with Coats plus.3,6
In conclusion, we provide data on 15 patients with a
characteristic neuroradiological phenotype of LCC in the
absence of mutations in CTC1. This purely neurological
disorder may present at any age from infancy to adulthood.
Our clinical and mutation data allow us to distinguish LCC
from Coats plus, leading us to suggest that the use of the
“umbrella” term of CRMCC is no longer helpful. Further
delineation of the genetic basis of LCC, and its relationship
to Coats plus, must await the results of ongoing genetic
studies.
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